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(54) FORMATION OF EPITAXIAL LAYER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent generation of large thermal 
distortion between an epitaxial layer and a substrate obtained 
through crystal-growth of silicon carbide by the catalyst CVD 
method on a silicon substrate and crystal-growth of gallium nitride 
by the catalyst CVD method on the obtained SiC expitaxial layer. 
SOLUTION: A silicon substrate 1 is washed and dried and silicon 
carbide is crystal-grown on the surface of the silicon substrate 1 
with a catalyst CVD apparatus in view of forming the SiC epitaxial 
layer 2 on the surface of silicon substrate 1. Next, the silicon 
substrate 1 having formed the SiC epitaxial layer 2 is cleaned and 
dried to form a GaN epitaxial layer on the SiC epitaxial layer 2 
formed as explained above. Thereafter, as in the case of formation 
of SiC epitaxial layer 2, a GaN is crystal-grown on this epitaxial 
layer 2 by the catalyst CVD method in the catalyst CVD apparatus 
in order to form the GaN epitaxial Iayer3 on the SiC epitaxial layer 
2. 
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, JPO and INPIT are not responsible for any 
"damages caused by the use of this translation. 

• LThis document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The formation approach of the epitaxial layer characterized by carrying out crystal growth of the 
silicon carbide with a catalyst CVD method, forming a SiC epitaxial layer on a silicon substrate, carrying out 
crystal growth of the gallium nitride with a catalyst CVD method, and forming a GaN epitaxial layer on the 
obtained SiC epitaxial layer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the formation approach of the epitaxial layer which forms a 

silicon carbide epitaxial layer and a gallium nitride epitaxial layer on the same silicon substrate 

[0002] 

[Description of the Prior Art] Generally, there are various things, such as light emitting devices, such as 

light emitting diode (LED) and semiconductor laser (LD), in semiconductor devices, such as diode and 

various kinds of transistors, and a pan at some which are called a semiconductor device. 

[0003] Although a direct component is usually formed in a silicon wafer in order to form a semiconductor 

device as such a semiconductor device, how to form the epitaxial layer of silicon carbide (SiC) for example, 

on a silicon wafer (silicon substrate), and form a component in this SiC epitaxial layer elsewhere, is also 

learned. 

[0004] Generally as an epitaxial grown method of SiC, the heat CVD method is used. In this heat CVD 
method Heat a silicon substrate to about 1300-degree C elevated temperature, and it is set under the 
pressure of 200Torr extent. A silane (SiH4), a propane (C three H8), and hydrogen (H2) are supplied in a 
reaction chamber as material gas, reaction decomposition of these is carried out, and the SiC epitaxial 
layer is formed on a silicon substrate. In addition, as a flow rate of each material gas, 200 [SCCM] and a 
propane are set to 200 [SCCM], and hydrogen is set to 200 [SCCM], and let a silane be 1.0 [part for 
mum/] extent as a membrane formation rate, for example. Moreover, as material gas for dopants to such a 
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* SiC epitaxial layer, the*!nydride of the 5th group elements of a periodic table, such as phosphoretted 
hydrogen (PH3) and an arsine (AsH3), is used as an object for N type, and the hydride of the 3rd group 
elements of a periodic table, such as diboron hexahydride (B~2 H6), is used as an object for P type. 
[0005] Moreover, as a light emitting device, although offer of high brightness blue LED (light emitting diode) 
was desired conventionally, gallium nitride (it is hereafter described as GaN) attracts attention as a crystal 

* -ingredient of the luminous layer used for such high brightness blue [ in recent years ] LED (light emitting 

diode) (barrier layer), i.e., a PN-junction layer. 
. [0006] It is the epitaxial layer (however, the epitaxial layer of GaN has a common thing with many crystal 
defects) as such a single crystal of GaN. also in this invention, the "GaN epitaxial layer" is used in the 
semantics containing what has many crystal defects. In order to form, as a crystal substrate usually The 
field (0001) of a sapphire (aluminum 203) substrate, Epitaxial growth is carried out by the MOCVD method 
(Metal Organic Chemical Vapor Deposition) for the ability coming using the field (111) of a spinel (MgAI 
204) substrate. 

[0007] A sapphire substrate is heated to an about 1 000-1 040-degree C elevated temperature, TMG 
(trimethylgallium), NH3, and hydrogen are supplied in a reaction chamber as material gas under the pressure 
of 200Torr extent, reaction decomposition of these is carried out, and, specifically, the GaN epitaxial layer 
is formed on a sapphire substrate. In addition, as a flow rate of each material gas, TMG is 1 [SCCM] and 
NH3, for example. 20 [SLM] and hydrogen are set to 30 [SCCM], and let them be 1.8 (at [time of mum/]) 
extent as a membrane formation rate. Moreover, as material gas for dopants to such a SiC epitaxial layer, 
the silane of a minute amount is used as an object for N type, and the bis-cyclo PENTAJINIERU 
magnesium (Cp2 Mg) of a minute amount is used as an object for P tvoe 
[0008] 

[Problem(s) to be Solved by the Invention] However, by the formation approach of the aforementioned SiC 
epitaxial layer, since the temperature of epitaxial growth is as high as about 1300 degrees C, the big limit 
about the ingredient produced on a substrate before formation of this epitaxial layer will be received. 
Moreover, also in the formation approach of a GaN epitaxial layer, there was un-arranging [ that the 
temperature of epitaxial growth is as high as 1000-1040 degrees C too, formation of superlattice is difficult 
since a configuration element is spread in the direction of epitaxial layer thickness, and carbon will mix and 
crystallinity will get worse etc. ]. 

[0009] Moreover, especially, by the formation approach of a GaN epitaxial layer, between a sapphire 
substrate and the epitaxial layer obtained, since that coefficient of thermal expansion differs from sapphire 
substrate;7.5x10-6/degree K and GaN(a-axis);5.59x10-6/degree K greatly, a big thermal strain will occur 
between a substrate and an epitaxial layer according to the difference of this coefficient of thermal 
expansion. That is, if the GaN epitaxial layer on the sapphire substrate obtained from carrying out at a 
1000-1 040-degree C elevated temperature by doing in this way is returned to a room temperature as 
described above, a big thermal strain will generate formation of a GaN epitaxial layer between a substrate 
and an epitaxial layer according to the difference of the aforementioned coefficient of thermal expansion. 
[0010] furthermore, MOCVD used for formation of the heat CVD method used for formation of a SiC 
epitaxial layer, or a GaN epitaxial layer — in law SiH4 and C three H8 TMG and NH3 etc., since the 
reaction effectiveness of material gas is as low as several % or less When the rate discharged among these 
material gas while it has been unreacted increased, and cost started these recovery and the amount of the 
material gas used itself also increased, increase of a manufacturing cost was caused. 

[0011] Moreover, in recent years, also in which semiconductor device, monolithic-ized equipment is desired 
in order to attain the miniaturization and high integration. For example, offer is desired, although these were 
formed on the same crystal layer or the same substrate also about the semiconductor device which is 
made to drive a light emitting device and this, or performs the control in order to attain miniaturization and 
high integration. 

[0012] This invention was made in view of said situation, the place made into the purpose is faced carrying 
out crystal growth of silicon carbide and the gallium nitride, and forming an epitaxial layer, these epitaxial 
layers can be formed at low temperature, and it is in offering the formation approach of the epitaxial layer 
which can prevent that a big thermal strain occurs between the epitaxial layers and substrates which are 
obtained by this. 
[0013] 

[Means for Solving the Problem] By the formation approach of the epitaxial layer of this invention, it made 
to carry out crystal growth of the silicon carbide with a catalyst CVD method, to form a SiC epitaxial layer 
on a silicon substrate, to carry out crystal growth of the gallium nitride with a catalyst CVD method, and to 
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form a GaN epiiaxial layer on the obtained SiC epitaxial layer, into the solution means of said technical 
problem. 

[0014] In a catalyst CVD method, about the energy to which the chemical reaction of the material gas is 
carried out, it supplies with a catalyst object fundamentally, and since the required energy in a substrate is 
the part to which epitaxial growth (single crystal growth) of the generated silicon carbide or the GaN is 
-carried out, i.e., a part required for silicon carbide and the molecule of GaN to align, it becomes possible to 
make whenever [ stoving temperature / of the substrate itself] into low temperature 800 degrees C or 
less. 

[0015] Therefore, according to the formation approach of this epitaxial layer, it is prevented that a big 
thermal strain occurs between the GaN epitaxial layers and substrates which are obtained from the ability 
of epitaxial growth especially of the GaN to be comparatively carried out at low temperature. Moreover, as 
mentioned above, it becomes possible to raise that reaction effectiveness by making heating with this 
catalyst object into the elevated temperature which material gas fully activates, in order to heat and 
activate material gas with a catalyst object in a catalyst CVD method, and increase of a manufacturing 
cost is suppressed. 
[0016] 

[Embodiment of the Invention] Hereafter, this invention is explained in detail. Drawing 1 is drawing for 
explaining the example of 1 operation gestalt of the formation approach of the epitaxial layer in this 
invention. 

[0017] In order to make this order carry out epitaxial growth (crystal growth) of SiC and the GaN on the 
same silicon substrate, first, as shown in drawing 1 (a), a silicon substrate 1 is prepared, and this silicon 
substrate 1 is washed and it dries. Next, with catalyst CVD system 50 shown in drawing 2 , silicon 
substrate 1 front face is made to carry out crystal growth of the silicon carbide (SiC) with a catalyst CVD 
method, and as shown in drawing 1 (b), the SiC epitaxial layer 2 is formed on silicon substrate 1 front face. 
[0018] Here, if that outline configuration is explained about catalyst CVD system 50 shown in drawing 2 , 
this catalyst CVD system 50 was equipped with the reaction chamber 51 which processes a processed 
object, and the plenum chamber 52 which leads to this, it was constituted, a turbo molecular pump 53 and a 
rotary pump 54 are connected to this order in a reaction chamber 51, and the turbo molecular pump 55 and 
the rotary pump 56 are similarly connected to the plenum chamber 52 at this order. 

[0019] The material gas piping 57 connected to the material gas source of supply for deposition (illustration 
abbreviation) through the reactant gas control system (illustration abbreviation) is formed in the reaction 
chamber 51, and the material gas for deposition is supplied in a reaction chamber 51 from this material gas 
piping 57. Moreover, the substrate holder (susceptor) 58 for setting the silicon substrate 1 used as a 
processed object is formed in that upper part in the reaction chamber 51, and the heater 59 and the 
thermocouple 60 are formed in this substrate holder 58. 

[0020] A sample can be heated now through the substrate holder 58 at a heater 59 on the basis of such a 
configuration, and the temperature of the substrate holder 58 is detected with a thermocouple 60 on it, and 
the degree of heating at a heater 59 can be controlled now by the substrate holder 58 on it. In addition, as 
said substrate holder 58, a SiC coat graphite susceptor is used, for example. 

[0021] The shutter 61 is arranged under this substrate holder 58, and the catalyst object 62 is further 
arranged in that lower part. It consists of a filament which wound the tungsten thin line around the coiled 
form, and connects with the power source 63 arranged outside a reaction chamber 51, and heating 
maintenance of the catalyst object 62 is carried out by from now on supplying power at about 1600-1800 
degrees C. Moreover, this catalyst object 62 has been arranged above the material gas feed hopper in the 
reaction chamber 51 of said material gas piping 58 (illustration abbreviation), heats the material gas for 
deposition supplied from the material gas piping 58, and it decomposes and it activates this. 
[0022] In addition, the reactant gas control system which the material gas piping 57 connects SiH4, C three 
H8, H2, TMG (trimethylgallium), and NH3 It is that by which connected with the reaction chamber 51 and 
the exhaust air pump (illustration abbreviation), and each source of gas supply was constituted from piping, 
respectively. A massflow controller (MFC) (illustration abbreviation) and a regulator valve (illustration 
abbreviation) are prepared into piping of each reactant gas, and, thereby, supply and its halt of gas into a 
reaction chamber 51, and its flow rate are controlled. 

[0023] With such catalyst CVD system 50 of a configuration, as mentioned above, in order to form the 
silicon epitaxial layer 4 alternatively on silicon substrate 1 front face, the silicon substrate 1 shown in 
drawing! (a) is set to the substrate holder 58 via the plenum chamber 52 of catalyst CVD system 50. 
[0024] Next, a turbo molecular pump 55 and a rotary pump 56 are operated, the inside of a reaction 
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chamber 51 is decompressed to about one to 2x10 - 6Pa, and the moisture and oxygen which especially 
held this condition for about 5 minutes, and were carried in in the reaction chamber 51 are exhausted. 
[0025] Subsequently, by 200 degrees C - about 1000 degrees C and this example, heating maintenance of 
the silicon substrate 1 is carried out through the substrate holder 58 at 800 degrees C at a heater 59. 
Moreover, a sink, its flow rate, and the pressure in a reaction chamber 51 are controlled for hydrogen from 
said reactant gas control system to a predetermined value in a reaction chamber 51. It is referred to as 
about 0.1~15Pa about the pressure in a reaction chamber 51, and is set as 1.0Pa in this example. Moreover, 
it is referred to as 90 [SCCM] about a flow rate. 

[0026] Subsequently, by turning ON a power source 63, it energizes on the catalyst object 62 and the 
temperature is raised to about 1600-1800 degrees C. In this example, it is set as 1800 degrees C. And it 
holds for 10 minutes in this condition. 

[0027] Subsequently, while introducing these in a reaction chamber 51 also about a silane (SiH4) and a 
propane (C three H8) from said reactant gas control system, the flow rate of hydrogen is also adjusted. 
That is, in this example, material gas is supplied in a reaction chamber 51, using a propane flow rate as 200 
[SCCM] for a hydrogen flow rate using 100 [SCCM] and a silane flow rate as 100 [SCCM]. 
[0028] Thus, if material gas is supplied in a reaction chamber 51, SiC will grow epitaxially on silicon 
substrate 1 front face at the membrane formation rate which is 50 nm/min extent. In this example, the SiC 
epitaxial layer 2 with a thickness of 2.0 micrometers was formed by introducing material gas in a reaction 
chamber 51 for 40 minutes, and carrying out epitaxial growth. 

[0029] Thus, the flow rate of silane gas and a liquefied petroleum gas will be made into zero, respectively, 
and pouring only hydrogen gas according to said reactant gas control system, if the SiC epitaxial layer 3 is 
formed is continued. And if this condition is continued for 5 minutes, the electric power supply to the 
catalyst object '62 will be stopped, and that temperature will be lowered. Subsequently, the flow rate of 
hydrogen gas is also made into zero, decompresses the inside of a reaction chamber 51 further to about 
one to 2x10x10 - 6Pa, and exhausts the silane and propane which especially held this condition for about 5 
minutes, and were introduced in the chamber. Then, a silicon substrate 1 is taken out to the exterior of 
atmospheric pressure via a plenum chamber 52. 

[0030] Subsequently, the silicon substrate 1 in which this SiC epitaxial layer 2 was formed is washed first 
that a GaN epitaxial layer should be formed on the SiC epitaxial layer 2 formed in this way, and it dries. 
Subsequently, with catalyst CVD system 50 shown in drawing 2 , like the case of said SiC epitaxial layer 
dimorphism **, crystal growth of the GaN is carried out with a catalyst CVD method on this epitaxial layer 
2, and as shown at drawing 1 (c), the GaN epitaxial layer 3 is formed on SiC epitaxial layer 2 front face. 
[0031] That is, by 100 degrees C - about 800 degrees C and this example, heating maintenance of the 
silicon substrate 1 is carried out through the substrate holder 58 at 400 degrees C at a heater 59. 
Moreover, a sink, its flow rate, and the pressure in a reaction chamber 51 are controlled for hydrogen from 
said reactant gas control system to a predetermined value in a reaction chamber 51. It is referred to as 
about 0.1-15Pa about the pressure in a reaction chamber 51, and is set as 1.0Pa in this example. Moreover, 
it is referred to as 90 [SCCM] about a flow rate. 

[0032] Subsequently, by turning ON a power source 63, it energizes on the catalyst object 62 and the 
temperature is raised to about 1600-1800 degrees C. In this example, it is set as 1800 degrees C. And it 
holds for 10 minutes in this condition. Subsequently, said reactant gas control system to TMG 
(trimethylgallium) and NH3 While introducing, the flow rate of hydrogen is adjusted. Here, it is the flow rate 
of 250 [SCCM] and TMG (trimethylgallium), for example about the flow rate of hydrogen 1.7micromol/min 
and NH3 A flow rate is set to 150 [SCCM]. 

[0033] Thus, if material gas is supplied in a reaction chamber 51, GaN will grow epitaxially on SiC epitaxial 
layer 2 front face at the membrane formation rate which is 100 nm/min extent. In this example, the GaN 
epitaxial layer 3 with a thickness of 4.0 micrometers was formed by introducing material gas in a reaction 
chamber 51 for 40 minutes, and carrying out epitaxial growth. 

[0034] Thus, when forming the GaN epitaxial layer 3, it is TMG and NH3 by said reactant gas control 
system. The flow rate of gas is made into zero and pouring only hydrogen gas is continued. And if this 
condition is continued for 5 minutes, the electric power supply to the catalyst object 62 will be stopped, 
and that temperature will be lowered. Subsequently, TMG and NH3 which also made the flow rate of 
hydrogen gas zero, decompressed the inside of a reaction chamber 51 further to about one to 2x10x10 - 
6Pa, especially held this condition for about 5 minutes, and were introduced in the chamber It exhausts. 
Then, a silicon substrate 1 is taken out to the exterior of atmospheric pressure via a plenum chamber 52. 
[0035] According to the formation approach of this epitaxial layer, since the SiC epitaxial layer 2 and the 
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GaN epitaxial layer 3 are formed with a catalyst CVD method, receiving a limit about the class of formation 
ingredient of the various components which can make whenever [ stoving temperature / of the substrate 
itself ] low temperature 800 degrees C or less, and can form these epitaxial layers 2 and 3, therefore are 
produced on a silicon substrate 1 before formation of these epitaxial layers 2 and 3 etc. decreases. 
[0036] Moreover, the obtained SiC epitaxial layer 2 functions as the barrier of the GaN epitaxial layer 3, 
and a buffer layer, and Si in the SiC epitaxial layer 2 serves as a dopant in the GaN epitaxial layer 3 further. 
Moreover, it can prevent that a big thermal strain occurs in the GaN epitaxial layer 3 obtained from the 
ability of epitaxial growth especially of the GaN to be comparatively carried out at low temperature. 
Moreover, in a catalyst CVD method, since material gas is heated and activated with the catalyst object 62, 
by making heating with this catalyst object 62 into the elevated temperature which material gas fully 
activates, that reaction effectiveness can be raised, therefore increase of a manufacturing cost can be 
suppressed. 
[0037] 

[Effect of the Invention] As explained above, it can prevent that the thermal strain big since it is the 
approach of forming each epitaxial layer with a catalyst CVD method with possible the formation approach 
of the epitaxial layer of this invention making whenever [ stoving temperature / of the substrate itself] low 
temperature between the epitaxial layers (especially GaN epitaxial layer) and substrates which are obtained 
occurs, and a good SiC epitaxial layer and a GaN epitaxial layer can be formed. 

[0038] Moreover, since material gas is heated and activated with a catalyst object in a catalyst CVD 
method, it can suppress that can raise that reaction effectiveness by making heating with this catalyst 
object into the elevated temperature which material gas fully activates, therefore originate in reaction 
effectiveness being low, and a manufacturing cost increases. 

[0039] moreover, from forming a SiC epitaxial layer and a GaN epitaxial layer on the same silicon substrate 
For example, the semiconductor device made from silicon (a component simple substance, IC) is formed in 
a silicon substrate. By forming the semiconductor device made from SiC (LED, IC) in a SiC epitaxial layer, 
and forming the semiconductor device made from GaN (LED, LD, IC) in a GaN epitaxial layer The 
compounded semiconductor device can be formed, and while being able to attain miniaturization and high 
integration by forming on the same substrate in that case, densification of electric wiring can be attained. 
Furthermore, it also becomes possible by forming each semiconductor device on the same substrate in this 
way to deliver and receive the signal between semiconductor devices not with the electrical and electric 
equipment but with light 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) - (c) is an important section sectional side elevation for explaining the example of 1 
operation gestalt of the formation approach of the epitaxial layer of this invention in order of a process. 
[Drawing 2] It is the outline block diagram of the catalyst CVD system used for this invention. 
[Description of Notations] 

1 — A silicon substrate, 2 — A SiC epitaxial layer, 3 — GaN epitaxial layer 
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DRAWINGS 
[Drawing 1] 
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TIS1. 8 C »m/S$) flg£$ft£„ C©^^ 
ftS i Cxt^ + -> t ;HWI, F-;S> r ffl©Jjfl¥4 

^{f^iy^A (Cp 2 Mg) *5ffl(,^6tiS. 
[0 0 0 8] 

Cxk'^yt )Vm<DMJ8JT&.Tt,Z. x b * . -f 
S©?Sa*5 1 3 0 0 = Cgffi<f:iSl>/c#>. COxfiiti' 

^!SMi€*ytl/3:5. *fc. GaNxf^yt 

©SS* 3 1 0 0 0—1 04 0'Cf!S< , xt^ + y^^ 

l/T 1/ * ^ ft i* i t> o fc^tas^jW* o fc. 
[0 0 0 9] «KGaNxt^+yt;H©M 
^£T'« . It 7 r i ^ 6 tt£ X b ^ * + 

<k©nBT. ^(DmBmimLii^y r ^ ;7. 5x 

10-'/' K, GaN (att) ; 5. 59xiO'V 
K±7v#< lift C©«yKSfi^ttCDH«cJ: 
0. 2Sffi£xtf**2/+;l/JB£ ©raic^i? ftf^JiA^^ 
LttS^. -Tftto^, GaNxt^+yt JH©M 
5iBUiaU/cJ:5(C 1 0 0 0-1 0 4 o°c©K?ar^f -y c 
tfrt>. C©i^(CL,Tff Wct7 7 -(+i«±©G 

?s©M(c j: , a® t x b- ^ * ^ + j\,m <t ©BBtc^* ft 

[00 10] $65C, SiCxt^ + ytJUCDMiC 
fflt^ ^n^f^C VD^G aNxW+yt frmoJ&fiSi. 
(CfflliP,n-5MOC VDSTii, S i H, , C, H, ^ 
TMG, NH 3 ^©JW4^^©StE3»sp*i»%«Ttia 

0* 5»£-#£< ftoT UScv c4af>©@iRi<:3X h 
j&ijtofcO - *fcJ8S^^^-€-©fc©©afflJl«>t9**C i 

[0 0 1 l ] $/c. Jfi^r«. c^4a©¥^{*^g«:fc 



3 

yf ? ^^t$n/c^g^snTi,^ 0 muz, 

|SJ—*£.SJl_t & 5 I » WIHJ— L/ fc 4> ©©& 

[0012] #mAl*W!&Mffilc$&fr-Ctj:$1ritc<b<D 

Bit, cti6xf^+->+jm^ffi)g-r^fiS;TSc i 

i f * * >- + ;m (dbj&%&z ffitt-r s c t «c * s . 

[0013] 

J&U ff 6tifcS i Cxf$ + i/tJH±KM«CVD 

[0014] tmc v Darw. *{t£EfS3 

-ti -5 x * - tc -o H r KMSSf*^ J: o X m& 

tf 8 0 0 ■CtrRXKfiK'r 4Ci #pJt6tC & £. 
[00 15] Uci^t, COxt'^+^ + JWg©^ 
Affile J: ftlCGa.NZtb&mi&M-VX-t'Z*^* 

f$ti/ + j!/fi as® £ ©rate A#£c ildS|64T 5 c 
<t*si6±3iis. ffF^L./cJ: 5 celiac VD&r 
**l«f*'CijnJR U£t4<b5 -t*£ c com 

mm vcommzmn a * &+&ic omit? z> us®, t ? s 

[0016] 

[^w©**i©^] ixf. *mwzmis<m}?z>. 

[0017] EIDV; 3>®E±{CS i CiGaNi?: 

i-T. SI (a) tcjn-rJ:5«:^y3>»«il*fflS 
b. C©->'jn>S^i fcSfe^Ufa&T-So ^C. 12 
icijktfmcv 0K«t0. «J»C V DSCCJ: o 

rs/y=»>3BEl*ai«:|Mfc*-'f* (SiC) £t£ai$ 
fi£t>\ HI (b) K^Tcfc^cvy 3>S*gig|®Jb 
CCS i Cifi!ti/tjH2?:fgt5. 
[00181CCT. 12(C/TbfcMiCVDgI5 0 
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g5 0«. KA5a«:©«Hl=&tT5Si6S5 1 i, Cfttc 
iID£iwS5 2 t%ffiZ.xmi&2tltci><DX'> 

7'5 5, D-£ 'J-^>7"5 6*5c©»cSM$nTli 

[0019] Kft>^5 l tc«, KJ&#X$lJ^ (Mm 
ffi) *^-l/-CJt8W«»^^tt»« (H^BS) tcgBBL, 

10 f57 * 6SfES 5 1 rtCCiiSWifflOfl*'.* ZtiZ 
<fcMt&oT<,>£„ 3Sfc. Kifc^ 5 1 rtCCfcl^T -t 

[0 0 2 0] C©<fc5ft«j£©fc£JCg«tfv»U^5 8t 
2* 5 8 ©safcfcfc] L.rt-c>59tCj: ^^D^. 

[0 0 2 1] c©StS*;uy5 8©T^C«^f u> 4?- 
6 1 #EiSS*7X:*J«3v 3 6^c-€-©T^(C«|!fe^^6 2 

r\ sic;^5 i ©^tc@eg$nfc^6 3 ccs^^n. 

cn^6^*5^$^sci(C«i:oT 1 6 0 0-18 
0 0 "CflStC * X-mmUft SnSJ:^{CJS:ori>S. s 

30 fc, c©tti»6 2 s?sajgi*4^ieff5 8©mis^ 

mux* *mm it c stt'fks #s <fc ^ cc & 
[0022] Jifc, jaw?isf5 7 z>m.f&n 

X®mmz. SiH, , C, H, , H, , TMG ( h >) 

JT-Jitfwj*) . NHs ©^^x^isj&s^n^tiie 

40 >hn-7 (MFC) (H^Bg) <fc 

*«RW6n, cnic j: osjs^5 irt^©^^©#t#&£ 
-e©» it ^ . -e ©ssts^tuffli sns^^tcar^rc**. 

[0 0 2 3] C©J;^%M©WCVDgg5 0KJ; 
«3 . HUi$0/cJ; 5 &c-> y a 1 *ffi±(C-> y 3>x 
t:**5> + ^B4*aiRW«:^jsS-r4«:«. HI (a) 
K^bfct/U3>ISl^. l4j®CVD^5 0©SuS 
5 2 £MfibT*t£*Jb£*5 8(C-fe-^ hT^„ 
[0 0 24] ^(C, ^-AK^F-!i<>7'5 5 . 0-*'J- 
#>^5 6*f^tt3-B-CJStfcS5 lrt* 1 ~2 x 1 0" 6 
50 Pagffi«:4-C«1EEU c©tt»**j5«>«J#ur«tc 
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[0 02 5 ] ^l^, b-£5 9CCJ:0S^^^^5 8 
^OT^«;r3>a« 1€2 0 0 D C- 1 0 0 0 0 CfIS, 
*W-Ctt8 0 OXtfCM&SEF"*-*. 1 f*J 

fc mil EEJStf* ^ e>7k» £ fifc 0 , t SJ&S 

(DE^MUTiiO. 1-1 5Pag]f<fcU 

1. OPafcSStS. */c x SMKCOl>Ttt9 o cs 

CCM) i-rs. 

[0 02 6]^t, 1S6 3 Srat^Ccr&CitCj;-? 

xtm»6 2 team u ^©imssri 600-1 soo 

r, c©tt*rci oftrmnrz. 
[ 0 0 2 7 ] &t,vr\ SSflBS(&**^Wffli«*6->^> 
(S i H 4 K (C 3 H 8 ) Cc-oi>TfcCft6 

T£ 0 -T&*>^, *«-Ctt, 7)c^8£S*l 00 cscc 
MK ^>7>SI?:1 00 CSC CM), :7"tm*>§Scg 
£2 0 0 CSCCM) ilt, ■«»^*SJ6a5 11*5 

[0 02 8 ] CCDJ: 5CcLTMf4#*4JSl£S5 1 rtCC 

«*&r*£* >- i J^>a«iaffitc, sic^sonm 

W-Ctt. 4 0#IBEJfc*5 1 rtCci*AL-Cx 

[0 0 2 9 ] t©<fc SiCbTS iCit^^>t;H3 

Al^. **#*©8(M&-tfafc:u SfcfcKfES 
51fl41-2xi0xi o- 6 P a*iJgtc$Ti$SU 
C CDWJ^^ 5 5M£J3 LTWC * + tCz*A L ft 

^^>*Jcl:^n^>*P5l"r4. €-©f£, ->yr3>a 
«1 *WS5 2*gSUT^BE<Dj^fflJCcBK0lii"ro 
[0 0 3 0 ]iH>T\ C^i^cMl/cS iCxf^ 

<, ST, COS i Cxb-#*^*;UJg2£ff^L/ct' 

*«CVDS815 0fc«J:»5, BulBS i Cxt'^^tW 

2«j^*^ira*«cut:coihr**^*^)i2± 

ft, *BICVDS(cJ:otGa N**SSJSKfi£-B\ SI 
(c) CCiSTcfc^tCS i Cxt^t^t;H2RI±(C 

Ga Nxb'£^>*JUJ13£ff$/£T£ 0 
[OOSllTfr*)^ b-d? 5 9^cj:DSt5*^^5 

8^lt^'j3>lil^ 1 0 0°C-8 0 0°CfIJS, 

(cWriBSJt fix MflPX * * S£ 0 . * <DiSS 4 SJtft 
S5 lP ( g(DBE*4«:»f3EOfilCC*iJffl|-rS. lrt 
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©BE2jCCOlvc«0. l-15PaSgil, 

1. OPaKSSTS, SESiCol^r«9 0 CS 

CCM) i« a 

[0 032]:»^ «»6 3«:*>K:r SCiCCJ:^ 
r)*j«ft6 2 6CiISU *©ffl££l 6 0 0-1 800 
•Oifltecitf*. *«TB1 8 0 O'CKSS*"*. f L 

cott»rio»iHffiSt5. ttESie^ 

10 m«**<D&g£2 5 0 CSC CM) % TMG (HJ 
jt*j\,*fV V A) COPSES?: 1 . 7/imol/min, N 
H 3 <Di*«*l 5 0 CSCCM) £lT£ 0 
[0 0 3 3 ] C©<t 5CCLTJK*4^«:SIS^5 lrtfc 
S*&*r&£, S iCik^+vt;H2Wc i GaN 
#1 0 0nm/m i neK©JiSJRiSKTxf* + ^ + ^ 

6C3IALrxf**^ + ;HiJEfiSi±&CiCC«t0 1 115 
4. 0 jitmCDG a Nx t^^>tJ^3 5:if^l/c e 
[0 0 3 4 ] + 
20 *JF^L/c6, HUieS^^*[liai^CCcfc->rTMG, N 
H, #*©ij6a£:-te*ciOCU 7k§R;tf;*©#*8fcl/l8W 

#X ©*■&■!£ a «CU 3 6tCSJS^5 1 rt* 1 — 2 x 
10xlO- 6 PaIg(C^tlffl, C©tttll£#j5# 

[0 0 3 5] COxt^ + ^^JbJlCD^^iSCC cfctl 
30 SiCxt^ + >' t ;H2, GaNxt^ + ^tJb 

J&&K£09*.tf 8 0 0 •CfeiTOfiStC UtCh^xf* 

[0 0 3 6] S^c. f#6n/cS i Cxt^^t JUJ12 
a N x b'# ^ ;UJ1 3 ©/^y T £ L/T, S fc^l ^ 

40 cficDS i BGa Nx f^ + ^t JH3 K-^*> 
hittSo ttc. #JCGaN*J:b$5«fgS^xb^ + ^ 

xe^^>tJH3 *C*# ttJ»S*5»^-T S C £ Zffi± 
TSCimS. i!BlCVDat1JSfi*XS 
«*«#6 2rJn»Lffitt<t3-&Sfc«>, C©SMI#6 2 

r v -^©SJtsa^WASci^-e*, L/d^tSg 

[0037] 

50 [^©Sift*] «±»?8UfcJ:5Cc**iH©xb-* + ^ 
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C4*JnJteaWt«CVDgBTSxt:4r*^ + jWiS:}|5fiR D, LD, I C) 3r}f5fi£"$*<S>C £$C«fc W.al>tc¥M 

GaNit^+ytJH) £S«£©fflK;*#fcJRil£ai JBsRf&C ir^^b. i&**fHb£0&C £#r#& <h 

^f-5©*E$±bT^f^cs i cx f$ti/tjn, ifeic, m^seitoiS^a^t^Ei-sc 36 

[0 0 3 8 ] VDSrtS^tfX^M^* iT, ¥»<*JR^©{i^©SS£'^:»r# < ztfCft*) 

fix ft+5Hm&lbT SiSiS t f S C t r -e CDKfcfflm [ 01i© t#0J! ] 

£7Sdt>£t i^-c^. L/c^oTSlS^^fac^CttC 10 [01] ( a ) - ( c ) «*^H^cox f^ + ^i- JWS© 

itBB LTSSIjS^ * h #±f*ir£©£#P;iS C £#r# ^^©-^MWiJ^XfI)i(C|5iBgT2./ci*©SgP 

IllltW. 

[0 03 9 ] g/c, [Bj-co^V^^teiCCS i Cxf [02] #^ftffit,> 6ft&ji4$C V Dl£g©$fBS*$§J£ 

f + WJUfll. GaNif$t->t^MMt4Ci ETC*.?,,, 

^6. m«v'j3>a^ti-V3>SS!©¥^<*stT [^©laf!] 

(fl^tf*. IC) S i Cxb^+v't ;k® l-yij3>Ii, 2-SiCif$^>tJH, 3- 

its l Cll^^fl*?- (LED, 1 C) ZBf&L. G * GaNxt^ + ->tJH 



[01] [02] 




7a> h-^-^OM* 

*«tPn n nJHI2:^n n JI|6T@7#35^ V- 

-f*5$£*±F*i 

(72)#6HJ* fell 

*^fP 0 D a JI&tp D D JII6TS7#35-^ yx 
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F £ — A 4K030 AA06 AA09 Mil AA13 AA17 

BA08 BA37 BA38 BB02 BB13 

CA04 FA10 FA17 LA12 LA18 
5F041 AA40 CA33 CA40 CA67 
5F045 AA03 AA06 ACOl AC07 AC08 

AC12 AD06 AD07 AD08 AD09 

AD10 AD11 AD12 AE19 AE21 

AE23 AF03 BB12 CA10 CA12 

CB01 DA63 DP05 DQ10 EF03 

EF18 EK07 HA22 
5F052 KA05 
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